has yet to be claried. 15 In biomimetic studies, redox-inactive metal ions have shown remarkable effects on the reactivities of metal-oxo complexes in electron transfer, oxygen atom transfer, and C-H bond activation reactions. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] It has been demonstrated that the binding of redox-inactive metal ions to the metal-oxo complexes changes their redox potentials, thereby increasing their oxidizing power that enhances reactivities of the metal-oxo species in oxidation reactions. The activation of dioxygen by metal complexes is also facilitated in the presence of redox-inactive metal ions (e.g., Ca 2+ obtained by 515 nm excitation at À20 C, shows two peaks with isotope shis upon 18 O-substitution (Fig. 1b) ) and is assigned as the O-O stretching vibration.
Results and discussion
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The Fe-O and O-O stretching vibrations for 2-Y were observed at 540 and 799 cm À1 , respectively (Fig. 1b) (Fig. 1b) . However, it is of interest to note that the experimental Fe-O stretching frequencies for 2-Sc and 2-Y are higher than that of 1 (vide supra), even though EXAFS analysis shows 20 at 620 nm (Fig. 4a for the reaction of 2-Sc and ESI, Fig. S5 † for the reaction of 2-Y). Well-dened isosbestic points were observed at 713 and 759 nm in the titration reactions of 2-Sc and 2-Y, respectively (Fig. 4a and ESI, Fig. S5 †) . These results demonstrate unambiguously that one-electron transfer from Fc to 2-Sc and 2-Y resulted in the formation of 4 via the O-O bond cleavage of the peroxide ligand (vide infra). 45 suggesting that the reactivity of 2-M is much greater than that of 4 with Fc in the electron-transfer (ET) reaction (vide infra).
Then, the rates of the electron transfer from Fc to 2-Sc and 2-Y were determined under the pseudo-rst-order reaction conditions (e.g., with >10 equiv. of Fc to 2-M). First-order rate constants, determined by the pseudo-rst-order tting of the kinetic data for the decay of 2-Sc and 2-Y (Fig. 4b and ESI (AcFc), and dibromoferrocene (Br 2 Fc), to 2-M were determined and listed in Table S3 † (also see Fig. S6 and S7 † for the linear plots for the determination of k et ). In all of the reactions, the k et values of 2-Sc were greater than those of 2-Y (i.e., k et for 2-Sc > k et for 2-Y), demonstrating again that 2-M binding a metal ion with stronger Lewis acidity is more reactive in the ET reaction. In addition, the reaction rates were different depending on the oxidation potential of the electron donors; the conversion of 2-M to 4 is faster with electron donors having lower oxidation potential (i.e., Me 8 Fc > Me 2 Fc > Fc > BrFc > AcFc > Br 2 Fc) (see ESI, Table S3 and ESI, Fig. S6 and S7 †). These results imply that the electron transfer from the electron donor to 2-M determines the reaction rate (vide infra).
The one-electron reduction potentials (E red ) and reorganization energies of electron transfer (l) of 2-Sc and 2-Y were then estimated to understand the fundamental ET properties of the iron(III)-peroxo complexes binding redox-inactive metal ions. Fig. 5 .
From the slopes and intercepts in Fig. 5 , the E red values of 2-Sc and 2-Y were estimated to be 0.40 and 0.16 V vs. SCE, respectively, and the l values of both 2-Sc and 2-Y were evaluated to be 1.29 eV. The l values of both 2-Sc and 2-Y were evaluated to be virtually the same as 1.29 eV, which is signi-cantly smaller than that of the iron(IV)-oxo complex (4, l ¼ 2. that the rates of the conversion of 2-M to 4 are dependent on the Lewis acidity of the redox-inactive metal ions and concentration and oxidation potential of the electron donors. 48 These results indicate that the reduction of 2-M by electron donors to form the one-electron reduced species (i.e., [ (Scheme 1b) . 33, [35] [36] [37] 49 In this regard, the Cu(II) ion in the iron(III) porphyrin-O 2 -Cu(II) intermediate in CcO may function as a Lewis acid that facilitates the one-electron reduction of iron(III) porphyrin-O 2 -Cu(II) (Scheme 1b), although no experimental evidence supporting our assertion has been obtained so far. Detailed mechanistic studies, including density functional theory (DFT) calculations for the one-electron reduction and O-O bond cleavage steps of the nonheme iron-(III)-peroxo complex binding redox-inactive metal ions, are underway in this laboratory to correlate these biomimetic observations to enzymatic reactions (e.g., CcO).
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